Elevation of the blood urea nitrogen following massive hemorrhage from the stomach and duodenum is a frequent occurrence (1) . Its mechanism is not the same as that associated with high intestinal obstruction, as it occurs in the absence of any vomiting (2) (e.g. in the presence of melena alone4), and is associated with a normal or increased blood chloride concentration (3, 4, 5) and a normal carbon dioxide combining power of the blood (4, 5) . The factors contributing to this increase of the urea nitrogen content of the blood have been said to comprise shock, dehydration, starvation, renal insufficiency, and absorption of decomposition products of the blood liberated in the intestinal tract. We have elsewhere adduced evidence which excludes the factors of shock, dehydration, and starvation as essential but which emphasizes the importance of the digestion of the blood in the intestinal tract (1, 6) .
Attempts have previously been made to evaluate the renal factor in this increase of the blood urea nitrogen. Sanguinetti (7) found that three patients with elevated blood urea content following hematemesis were able to excrete a concenration of 30 to 38 grams of urea per liter of urine and believed that this excluded renal insufficiency. Christiansen (2) reported normnal kidneys at necropsy in a case of hematemesis (due to peptic ulcer) in which there was an abnormally high blood urea concentration. Ingegno (8) emphasized the presence of normal blood pressure, high urine specific gravity, and negative urinary find-1939. 4 We have observed increase in the blood urea nitrogen in four of eight patients with melena only included in a series of fifty-three cases of hematemesis and melena (1) . ings in his patients with elevated blood urea nitrogen. In a fatal case of hematemesis with a blood urea concentration of 216 mgm. per cent, Alsted (9) observed a fall in the urea clearance to 15 per cent of normal in the presence of organically normal kidneys. He felt that the reduction of renal function was secondary to the lowering of the arterial blood pressure resulting from the hemorrhage. In four other patients displaying less marked azotemia (blood urea values of 42, 51, 58, and 59 mgm. per cent), there was no reduction of the urea clearance. Clausen (10) reported a reduction of urea clearance in three cases, though not sufficient to account for the azotemia. 5 In five patients with increased blood urea content following hematemesis, Borst (4) found a normal urea clearance in two and a reduction to 19, 47, and 58 per cent respectively in the remaining three. In another group of three patients with shock he found the urea clearance reduced to 10 per cent or less of the normal (3), presumably as a result of the shock. In a series of twelve patients with hematemesis Black (14) 5According to Chasis and Smith (11) , a drop in the urea clearance from 100 to 90 per cent will increase the blood urea by 10 per cent, etc., but an increase of 10 per cent is not ordinarily detectable because of variations in protein intake and variations in urea clearance incidental to oliguria versus diuresis. According to Peters and Van Slyke (12) and Smith (13) , it is only when the urea clearance is reduced to 20 per cent of normal that the blood urea nitrogen becomes definitely elevated, irrespective of these other factors.
Black believes that his evidence " is insufficient to establish definitely the mechanism of renal impairment " and that "the fall in urea clearance appears to have some relation to the red cell volume per kilogramme of body weight." Witts (5) believes that the increase in the blood urea is due to the fall in the blood volume and the blood flow through the kidneys at a time when the kidneys have the extra work of excreting a large amount of nitrogen derived from the blood in the intestine.
In addition to the urea clearance we have determined the phenol red and inulin clearances in four patients with hematemesis and elevated blood urea nitrogen but without shock or obvious kidney disease. The determinations were made shortly after admission to the Cincinnati General Hospital and were repeated when the blood urea nitrogen was normal.
METHODS
The method used was that recommended by Smith et al (15) , and consisted of a rapid intravenous infusion of normal saline containing inulin and phenol red given for about ten minutes as a priming dose, after which a more dilute solution (usually about 8 per cent) was infused at the rate of 4 cc. per minute throughout the period of observation which usually lasted an hour and a half. The urine was collected from the bladder by an inlying catheter, being allowed to drain into a narrow-necked flask during individual collection periods which varied from ten to twenty minutes. A few minutes before the end of each urine collection period the bladder was washed out with a known amount of distilled water and the wash fluid was expelled by insufflation of air. The urine and wash fluid were combined for analysis, and a preliminary 1: 10 dilution was made at once to prevent precipitation of the inulin. Blood samples were usually drawn from the antecubital vein (1) before the infusion was started, (2) after the bladder was first washed just prior to beginning the first urine collection period, (3) after the second collection period, and (4) at the end of the last collection period. Double strength colorless heparin was used to prevent clotting. The blood was centrifuged at once, the plasma separated, and an accurately measured 2 cc. sample set aside for inulin analysis. Oxalate was added to the rest of the plasma for urea and phenol red determinations. The urea was determined on the plasma and urine by the aeration method of Van Slyke and Cullen (16) . The inulin and phenol red determinations were carried out according to the method of Smith and associates (15) . All samples were determined in duplicate. The several plasma concentrations were plotted against time and the precise values at the middle of each urine collection period were determined by interpolation. All clearances were corrected to a body surface area of 1.73 square meters at the suggestion of Smith (17) .
According to Smith (13) , the inulin clearance is a measure of glomerular filtration and in normal man averages about 120 cc. per minute, while the phenol red clearance is a measure of tubular function and has an average normal value of 400 cc. per minute. The phenol red clearance is an index of renal blood flow. The effective renal blood flow may be calculated approximately from the phenol red clearance and hematocrit by using the average phenol red/diodrast clearance ratio of 0.56 as reported by Smith, Goldring, and Chasis (15) The pulse was 104; the blood pressure was 122/60. Free fluid was present in the peritoneal cavity and the spleen was palpable. The left leg had previously been amputated at the mid-thigh. Hemoglobin 6.6 grams per 100 cc.; red blood count 2,600,000; white blood count 9,500. The urine contained a trace of albumin, a two plus test for sugar, and a one plus test for acetone. The stools were tarry and chemical tests for blood were strongly positive. The blood urea nitrogen was 50 mgm. per cent, the blood sugar 351 mgm. per cent, and the carbon dioxide combining power 49 volume per cent.
On the second hospital day when the blood urea nitrogen was 37 mgm. per cent and the blood pressure was 125/75, kidney function tests were done and found to be Following another bout of hematemesis on the third hospital day, the blood urea nitrogen was 40 mgm. per cent. Kidney function tests were done at this time and were repeated ten days later (Table II) . The urea and phenol red clearances, when first determined, were moderately decreased; the inulin clearance was normal, and the renal blood flow was diminished. The urea clearance, however, was not sufficiently reduced to account for the elevated blood urea nitrogen. Ten days later, the urea clearance was normal although the inulin clearance was definitely reduced and the phenol red clearance less than on the first determination. The discrepancy between the urea and inulin clearances was not explained.
Clinical history, case 3 C. K., Number 101015, white male, age 62, entered the Cincinnati General Hospital on August 9, 1938 . Two days before admission he suddenly experienced vague epigastric discomfort followed by the vomiting of a large The hemoglobin was 5.8 grams per 100 cc.; redb1ood count 1,800,000. The urine was normal. The stools were tarry, and the guaiac test for blood was strongly positive. The blood urea nitrogen on admission was 40 mgm. per cent, carbon dioxide combining power 52 volume per cent, and the plasma chloride 564 mgnm per cent.
Kidney function tests were done shortly after admission and again on the fourteenth hospital day when the blood urea nitrogen was 13 mgm. per cent (Table III) . There was a reduction of all the clearances and a decrease in the effective renal blood flow. The decrease in the urea clearance, however, was not sufficient to account for the elevated blood urea content. Fourteen days later there was no significant change in renal function or in the effective renal blood flow although the blood urea nitrogen was normal. Clinical history, case 4 W. B., Number 106702, white male, age 57, entered the Cincinnati General Hospital on November 4, 1938. He had had two episodes of hematemesis in the past and had been found to have a hypertrophic gastritis. The night before admission he suddenly vomited a large amount of blood. This was followed by the passage of three liquid dark red stools. Shortly after admission he again vomited a large amount of dark clotted blood.
The pulse was 100, his blood pressure 115/70. The hemoglobin was 8.8 grams per 100 cc.; red blood count 2,700,000. The urinalysis was normal. The stools were tarry and gave a strongly positive test for occult blood. The blood urea nitrogen was 41 mgm. per cent and the carbon dioxide combining power of the blood 56 volume per cent. Table IV . While there was a reduction of all the clearances and of the effective renal blood flow, the decrease in the urea clearance was not sufficient to account for the elevated blood urea nitrogen. Three days later, when the blood urea nitrogen was normal, there was no significant difference in renal function or in the effective renal blood flow.
According to Peters and Van Slyke (12) , any reduction of the urea clearance is due either to decreased renal blood flow or to less complete extraction of urea from the blood. It is possible that reduction of renal blood flow played a role in reducing the clearances in three of our cases but to an extent not sufficient to account for the elevated blood urea nitrogen.
It has been suggested that toxic products arising from the decomposition of the blood which is liberated in the intestines following hematemesis and melena may lead to impairment of kidney function and thus account for elevation of the blood urea nitrogen (18) . To exclude such a factor, the kidney function tests were carried out in five individuals two days before and eighteen hours after intragastric administration of 2,000 cc. of citrated blood." The five subjects included Cases 2 and 3 and, in addition, three males (free (Table V) .
The urea, inulin, and phenol red clearances may be either normal or reduced in the presence of the increased blood urea nitrogen content which follows hematemesis. The reduction in the urea clearance may be due to the decreased renal blood flow but is insufficient to account for the increased blood urea content and persists in spite of the return of the blood urea nitrogen to normal.
The elevation of the blood urea nitrogen content which follows hematemesis in the absence of shock is not due to impairment of kidney function.
